I. Introduction
he analysis of wind-tunnel wall interference has been a major problem in the airfoil testing to make highly reliable two-dimensional results. It is difficult to simulate a flow field in free air with wind tunnel experiments. The wall interference is much serious in small size transonic wind tunnel during airfoil testing. To get a high Reynolds number flow, a large airfoil chord is preferable. However, it leads to small aspect ratio and more serious wall interference. The wall interference would be more complicated in transonic wind tunnel because of the nonlinearity of transonic flow. It is important to quantify the effects of the effect of the wall interference in a newly-built transonic wind tunnel. It would be a meaningful work to obtain a suitable correction method of wall interference for transonic wind tunnel airfoil testing. This paper is proposed to evaluate effect of the top and bottom walls and the sidewalls in the new wind tunnel NF-6 at Northwestern Polytechnical University (NPU), Xi'an, China. It is a continuous closed-circuit transonic wind tunnel. The cross section size of the NF-6 wind tunnel is 0.4 × 0.8 .
Considering that the size is not large enough to treat it as a free air test and the wall interference should be assessed seriously in two-dimensional transonic airfoil testing.
The traditional analytical methods to account for sidewall interference are given by Barnwell 1 and
Sewall

2
, and a modified form of the correction considering the effect of airfoil aspect ratio is issued by
Murthy
3
. These methods are based on assumption of small perturbation theory and have been verified to be effective wind tunnel sidewall effect correction. They are very useful engineering methods to evaluate the sidewall effect in the transonic wind tunnel and provide primary correction and the wall interference.
In large size wind tunnel, the wall interference is much slighter and then the experiment data can be treated as free air testing data. For example, the data from the Langley 4 8-foot transonic wind tunnel would be an airfoil testing free from sidewall interference because of large size and large aspect ratio.
Then the wall interference can be neglected for the experiment data testing at the semi span. The data from NF-6 wind tunnel can be corrected according to the data from Langley wind tunnel for the preliminary study of wall effect correction. The experiment Mach number and the angle of attack can be corrected according to the pressure coefficient distribution comparison and normal force comparison.
As the CFD technology developed, numerical simulation may suggest the true two-dimensional flow around the airfoil. It have been verified that reliable scheme and turbulence model are expected to result in reliable computation. For example, the Wilcox standard − model [5] [6] and the Menter Shear-Stress-Transport (SST) − model 7 may provide a receivable computational result. In this paper, a research is conducted on the two-dimensional numerical simulation of the flow around airfoil.
The two-dimensional computation results are compared with Langley to validate the computation T American Institute of Aeronautics and Astronautics scheme and turbulence model. It is confirmed that the two-dimensional computation provides a believable method to solve of two-dimensional flow field around the airfoil. In addition, the three-dimensional computation considering the flow through the up and bottom wall and sidewall is performed to provide a simulation of the flow in the wind tunnel. Key parameter of the wall interference is investigated in order to construct a numerical model to realize experiment data corrections. It can provide the information of the wall interference in the wind tunnel and confirm the effectiveness of wall effect corrections.
II. Experimental Setup
A. Facility Description
The present study is conducted in the NF-6 continuous closed-circuit transonic wind tunnel. The 
B. Model and Test Condition
In the present research, the conventional airfoil NACA 0012 model is designed. The chord is = 0. 
III. Wall Effect Correction Methods
A. Correction with Root Mean Square (RMS) Method
The data in NF-6 is firstly compared with Langley experiment data. The Mach number correction is decided according to the Root Mean Square (RMS) among them. The RMS values are obtained by calculating upper surface and lower surface weighted average. This method provides a preliminary study of the wall effect correction. However, this method needs a large amount of experiment data so that it can just be a reference to decide the rough range of correction value. This method provides a estimate in the first step during the analysis of wall effect.
B. Correction with Small Perturbation Methods
The sidewall correction method is applied to Mach number correction. The methods are based on the negative blockage effect which is caused by the sidewall boundary layer. The methods are performed to correct the experiment data for subsonic and transonic flow in NF-6 data for sidewall interference. (2).
(2)
An approximate expression for the Mach number correction can be formulated from the first order
Taylor series expansion of both sides of Eq. (2) as Eq. (4 
Murthy 3 method is more preferable than Barnwell-Sewall's method because it takes the effect of aspect ratio into consideration. The method is showed as equations Eq. (5):
where is the nominal experiment Mach number and 1 is calculated as Eq. (6) 
The element in Eq. (7) represents the length scale respect to the effect of airfoil chord during Murthy's wave wall assumption. The sidewall boundary layer displacement thickness * and boundary layer shape factor is measured in the empty tunnel. It can be easily realized that the element 2 include the effect of model aspect ratio. This is also the advantage of Murthy's method.
Additionally, as suggested by Sudani
8
, the pressure coefficient should be recomputed to account for the changes in dynamic pressure and static pressure associated with the Mach number corrections as following:
The other aerodynamic characters such as lift coefficient, drag coefficient are then recomputed by using corrected pressure coefficients.
C. Numerical Computation
Computational fluid dynamics (CFD) method provides the true two-dimensional solution for the flow around the NACA 0012 airfoil. The computational fluid dynamics code used here is known as Menter Shear-Stress-Transport (SST) − turbulence model 7 is preferable rather than the standard − turbulence model 6 during the calculation after examination. The computational scheme is the second order upwind finite volume method based on Roe-FDS scheme. In this study, the steady solution is obtained because the time-averaged information of the flow is concerned.
The system of governing equations for a single-component fluid, written to describe the mean flow properties, is cast in integral Cartesian form for an arbitrary control volume with differential surface area as follows:
where the vectors , , and are defined as
and the vector contains source term such as body forces and energy sources. Here , , , and are the density, velocity, total energy per unit mass, and pressure of the fluid, respectively. is the viscous stress tensor, and is the heat flux. The computational results are compared with the experiment data in Langley 8-foot wind tunnel [4] x/c y/c Table 2 shows the RMS values between = 0.80, = 0° data from NF-6 wind tunnel and data from Langley. It can be concluded from Table 1 
B. Corrected with Method Based on Small Perturbation Theory
Barnwell method is not suitable for transonic airfoil testing in NF-6. Sewall's correction is validated to be not suitable for NF-6 tunnel because of a relatively small aspect ratio. It tends to yield an overcorrected Mach number value.
Murthy method is performed with = , 2 to correct the experiment data in NF-6 tunnel.
However, the application of the correction is not sufficient as expected. Figure 6 shows the correction values of Mach number and the ∆ = − according to Murthy's method with different value of . As suggested in Ref. 8 , while ratio between the height of wind tunnel and the airfoil chord h/c=4 in NF-6, the should be larger than Murthy's assumption. As showed in Figure 6 , the Mach number correction value ∆ = − changes little as changes from = 5 to = 6 . With different aspect ratio, the length scale would be different for each testing as suggested by Sudani research 7 . However in the NF-6 wind tunnel, the correction with = 2 would not be suitable anymore for the NACA 0012 airfoil model with aspect ratio AR=2.0.
.
, =°, = . × The shock wave location of computation is more afterward than the experiment data in NF-6 wind tunnel. Table 3 The sidewall correction method discussed above might be somewhat not precise because the assumption of one-dimensional growth of sidewall boundary layers. However, the application of relatively high aspect ratio and h/c can produce data with reliable accuracy in transonic airfoil testing as the first step to seek two-dimensional solution. However, the simplified model can also indicate some important factors of the sidewall interference.
The three-dimensional computation is performed for different aspect ratio to investigate the effect of aspect ratio on sidewall interference. The flow along the spanwise direction is also analyzed to validate the spanwise velocity distribution and to conform the effect of sidewall boundary layer. Table 4 shows the computed Mach number in the inlet surface changing from initial setting. It is indicated that as Mach number becomes larger, the blockage caused by solid wall affects more seriously. Figure 12 shows the pressure coefficient distribution along the spanwise direction for AR=2 and = 1. The Mach number in Figure 12 is the computation Mach number result on the inlet surface. Figure 12 shows that the pressure coefficient changes according to location along spanwise direction. The flow along the spanwise direction is affected by the sidewall boundary layer. Figure 13 shows the pressure coefficient comparison between computations with different aspect ratio. It is shown that the larger the aspect ratio is, the slighter the wall effect would be. It also indicates for subsonic flow such as ∞ = 0.60, the aspect ratio AR=3 would be large enough and fulfill the expectation. However, it is essential to keep a rather large chord in order to get a high Reynolds number flow around the airfoil. 
